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ABSTRACT
We study a specific model of anisotropic strange stars in the modified f (R, T )-type gravity by
deriving solutions to the modified Einstein field equations representing a spherically symmetric
anisotropic stellar object. We take a standard assumption that f(R, T ) = R+ 2χT , where R
is Ricci scalar, T is the trace of the energy-momentum tensor of matter, and χ is a coupling
constant. To obtain our solution to the modified Einstein equations, we successfully apply
the ‘embedding class 1’ techniques. We also consider the case when the strange quark matter
(SQM) distribution is governed by the simplified MIT bag model equation of state given
by pr = 13 (ρ− 4B), where B is bag constant. We calculate the radius of the strange star
candidates by directly solving the modified TOV equation with the observed values of the
mass and some parametric values of B and χ. The physical acceptability of our solutions is
verified by performing several physical tests. Interestingly, besides the SQM, another type of
matter distribution originates due to the effect of coupling between the matter and curvature
terms in the f (R, T ) gravity theory. Our study shows that with decreasing the value of χ,
the stellar systems under investigations become gradually massive and larger in size, turning
them into less dense compact objects. It also reveals that for χ < 0 the f (R, T ) gravity
emerges as a suitable theory for explaining the observed massive stellar objects like massive
pulsars, super-Chandrasekhar stars and magnetars, etc., which remain obscure in the standard
framework of General Relativity (GR).
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1 INTRODUCTION
It is well established by several independent observations of the
distant indicators and standard candles that we are living in the age
of the accelerated expansion of the Universe. This is certainly not
the outcome of the ordinary matter considered as a perfect fluid,
which was supposed to be the source in the cosmological Friedmann
equations (Riess et al. 1988; Perlmutter et al. 1999; Riess et al. 2004).
As a result of this evidence, an explanation of the evolution of the
large scale structures of the galaxies as well as Universe is facing
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a serious challenge. In addition, the observations of the cosmic
microwave background radiation (CMBR) anisotropies (Spergel
et al. 2003), the Lyman-α forest power spectrum from the Sloan
Digital Sky Survey (McDonald et al. 2006) and investigation of the
high-energy-physics-motivated models of dark energy with the weak
lensing data (Schimd et al. 2007) clearly demonstrate an acceleration
in the Hubble fluid.
To overcome the apparent discrepancy between the critical
density of the spatially flat Universe and the amount of the observed
luminous matter, an assumption about the presence of a non-standard
cosmic fluid having negative pressure is essential. In the large scale
structure, this cosmic fluid is not clustered. One can explain the
observed accelerating Universe due to a positive cosmological con-
stant (contributing about 70% to the total energy of the Universe),
which is consistent with the observed acceleration in the Hubble
fluid. The main part of the rest of the energy budget is supposed
to be due the presence of dark matter (contributing about 25%)
that is clustered in the large scale structure. This is known as the
ΛCDM model (Bahcall et al. 1999). However, when the dark energy
(and hence the cosmological constant) is identified with the vacuum
(ground state) energy as proposed by Zel’dovich (1967a,b), its ob-
served value in the ΛCDM model is in huge discrepancy with its
expected theoretical value in quantum gravity (Weinberg 1989) by
the 120 orders of magnitude. This ‘cosmological constant problem’
is the most fundamental problem in the modern age of cosmology.
Hence, it is essential to find a better explanation for the dark matter
and dark energy. As, the standard General Relativity (GR) faces
difficulties in explaining the universe at large scales beyond the
Solar system, as well as at large energies, it seems natural to modify
the standard Einstein gravity framework towards the better under-
standing of gravity at a very large and very small scales. It is worth
mentioning that GR hardly can explain the observations of massive
pulsars (Demorest et al. 2010; Antoniadis et al. 2013) and white
dwarfs (Howel et al. 2006; Kepler et al. 2007; Scalzo et al. 2010)
which have masses beyond the standard maximum mass limit, i.e.,
1.44 M (the Chandrasekhar mass Limit), satisfactorily.
In the so-called alternative gravity theories, one starts with
extended or modified Einstein equations that may explain the
known shortcomings of GR without including ‘dark’ compo-
nents (Capozziello 2002; Capozziello, Carloni & Troisi 2003a;
Capozziello et al. 2003b; Carroll et al. 2004; Nojiri & Odintsov
2007; Capozziello & Faraoni 2010; Capozziello & Laurentis 2011,
2012a; Cruz-Dombriz & Saez-Gomez 2012). For instance, the Hub-
ble diagram can be successfully reproduced from the SNela sur-
veys (Capozziello et al. 2003b; Demianski et al. 2006), as well as
the observed CMBR anisotropies can be justified (Perrotta, Bacci-
galupi & Matarrese 1999; Hwang & Noh 2001). Still, one should
not ignore the fact that Einstein GR is the extremely successful
theory, having a lot of experimental supports including many preci-
sion measurements. The conservative (Einstein GR based) ΛCDM
model is still phenomenologically acceptable and has the strong
experimental evidence due to the measured ratio between the pres-
sure and energy density in the effective ‘ideal fluid’ equation of
state, which is very close to (−1), which corresponds to the cosmo-
logical constant. Giving up some basic and established principles
for ‘explaining’ a particular unknown phenomenon should be ex-
ercised with great care, because it may easily result into a failure
due to the ‘re-explanation’ by a new theory to the already known
and explained phenomena by the standard theory, not to mention
the famous “Occam razor” conceptual principle of thinking. Hence,
the more conservative (or small) a GR modification, is the better in
general.
The standard Einstein gravity theory currently fails to explain
the exotic astrophysical stellar structures. This may be resolved
by studying relativistic stellar objects in the extended theory of
gravity proposed in the refs. (Capozziello et al. 2011a, 2012b). The
observational data from local tests of gravity may also be consistent
with some alternative theories of gravity (Nojiri & Odintsov 2011).
There exist many other alternative gravity theories, such as the f (R)
gravity (Carroll et al. 2004; Allemandi et al. 2005; Nojiri & Odintsov
2007; Bertolami et al. 2007; De Felice & Tsujikawa 2010), the f (T)
gravity (Bengochea & Ferraro 2009; Linder 2010; Bo¨hmer, Mussa
& Tamanini 2011; Cai et al. 2016), the f (G) gravity (Bamba et
al. 2010a,b; Rodrigues et al. 2014), the f (R,G) gravity (Nojiri &
Odintsov 2005; Capozziello, Paolella & De Laurentis 2015), Brans-
Dicke (BD) gravity (Bhattacharya et al. 2015; Avilez & Skordis
2014), etc., where R, G and T are the Ricci scalar, Gauss-Bonnet
scalar and torsion scalar, respectively.
It has been investigated that f (R) gravity theories largely
failed to be consistent with the Solar system tests (Erickcek, Smith
& Kamionkowski 2006; Chiba et al. 2007; Capozziello, Stabile
& Troisi 2007). Again, in recent times f (R) gravity theory also
faced stringent constraint to explain the galactic scale, CMBR tests
and the strong lensing regime (Dolgov & Kawasaki 2003; Chiba
2003; Olmo 2005; Yang & Chen 2009; Dossett, Hub & Parkinsona
2014; Campigottoa et al. 2017; Xua et al. 2018). In this connection,
it is to note that the f(R) gravity theory actually should not be
in the list of the alternative gravity theories as mentioned above,
because they are known to be (classically) equivalent to the scalar-
tensor gravity theories, i.e. the Einstein GR with a real scalar field
whose scalar potential is in dual correspondence to f -function (Fujii
& Maeda 2003; Ketov 2013). This also applies to the extensions
of f(R) gravity theories in supergravity (Ketov 2010; Ketov &
Starobinsky 2011, 2012; Ketov 2013; Addazi & Ketov 2017) and
braneworld (Nakada & Ketov 2016).
Yet another class of the alternative gravity theories, extend-
ing the generalization of the f (R) gravity theories, was intro-
duced in (Harko et al. 2011) by employing the arbitrary function
f (R, T ) in the gravitational Lagrangian, where T is the trace of
the energy-momentum tensor of matter. The idea of Harko and col-
laborators (Harko et al. 2011) when they introduced the f(R, T )
gravity was to check if new material, rather than particularly geo-
metrical terms, were able to evade the troubles f(R) gravity faces.
This f (R, T ) gravity theory was applied to cosmology (Jamil, Mo-
meni & Myrzakulov 2012; Shabani & Farhoudi 2013; Shabani and
Farhoudi 2014; Momeni, Myrzakulov & Gu¨dekli 2015; Zaregonbadi
& Farhoudi 2016; Shabani 2017; Shabani & Ziaie 2017) as well as
to stellar astrophysics (Sharif & Yousaf 2014; Noureen & Zubair
2015,b; Noureen et al. 2015; Zubair & Noureen 2015; Zubair, Abbas
& Noureen 2016; Alhamzawi & Alhamzawi 2015; Das et al. 2016;
Deb et al. 2018a,b). A solution to Tolman-Oppenheimer-Volkoff
(TOV) equation for an isotropic spherically symmetric compact
stellar system was found by Moraes, Arban˜il & Malheiro (2016)
whereas a gravastar model in f (R, T ) gravity can be found in the
work by Das et al. (2017).
It is important to realize that any alternative theory of grav-
ity gives up some of the minimal assumptions of GR. To consider
quantum effects, such as particle production (Harko 2014), or ex-
otic imperfect fluids, Harko et al. (2011) introduce the dependence
on T in the gravitational Lagrangian. Their study (Harko et al.
2011) reveals an extra acceleration due to the effect of the cou-
pling between the geometrical terms and matter, which forces parti-
cles to follow a non-geodesic path leaving the covariant derivative
of the matter energy-momentum tensor to be non-vanishing, i.e.,
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∇µTµν 6= 0 (Harko et al. 2011; Barrientos & Rubilar 2014). In fact,
in the point of view of cosmology, the creation (or destruction) of
matter during the evolution of the universe recommends the possi-
bility of non-conservation of the energy-momentum tensor (Kumar
& Singh 2015; Singh & Singh 2016). The investigation by Harko
(2014) presented a detailed discussion on this topic from the per-
spective of thermodynamics. One may consult the literature (Harko
& Lobo 2010; Harko, Lobo & Minazzoli 2013) for the better un-
derstanding of the non-conservative energy-momentum theories.
Note that recent studies have revealed the dependency of the cosmic
acceleration with the energy-momentum tensor (Shabani & Ziaie
2017a,b; Josset, Perez & Sudarsky 2017).
Now, the creation (or destruction) of the matter is happening
due to the process occurring in the quantum level which is suitable
in the universal scale, whereas in the astrophysical scenario this
should not be the case for the static analysis. Chakraborty (2013) in
his study resolved this issue with a specific choice of the f (R, T )
function given by f (R, T ) = R+ h (T ), and showed that another
type of fluid originates due to the coupling between the matter and
geometry, which turns the stellar system into a non-interacting two-
fluid system. The study (Chakraborty 2013) importantly features
the conservation of the effective energy-momentum tensor with the
geodesic motion of particles, in the framework of (R, T ) gravity
theory. Further investigations by Shabani and Farhoudi (2014) also
revealed that the f (R, T ) gravity theory has passed the Solar Sys-
tem test. Also, it has successfully explained the deviation to the
usual geodesic equation (Baffou et al. 2017a), and the gravitational
lensing test (Alhamzawi & Alhamzawi 2015). Recent study by Zare-
gonbadi, Farhoudi and Riazi (2016) reveals that f (R, T ) gravity
theory can explain the dark matter galactic effects suitably. More
recently, it was shown (Baffou et al. 2017b; Nagpal et al. 2018)
that the models inspired by the modified (R, T ) gravity are in good
agreement with observations, namely, the Union 2.1 compilation
data set SNeIa, the observational Hubble data set H(z), the joint
data set H(z)+ SNeIa and H(z)+ SNeIa + BAO and the Baryon
Acoustic Oscillation data BAO. In addition, cosmological dynamics
in the unimodular (R, T ) gravity is consistent with the Planck 2015
observational data (Rajabi & Nozari 2017).
The effects of anisotropy on the spherically symmetric compact
stellar systems in GR were studied in the literature (Ivanov 2002;
Schunck & Mielke 2003; Mak & Harko 2003; Usov 2004; Varela et
al. 2010; Rahaman et al. 2010, 2011, 2012; Kalam et al. 2012; Deb et
al. 2017; Shee et al. 2016; Maurya et al. 2016, 2017). The anisotropy
of the system implies that the radial component of the pressure,
pr(r) differs from the angular component, pθ(r) = pφ(r) ≡ pt(r).
The condition pθ(r) = pφ(r) is the direct result of the spherical
symmetry. It is also important to note that the scalar field with
a non-zero spatial gradient creates anisotropy in the pressure of
a physical system. The main reason for arising anisotropy in a
f (R, T ) gravity theory model could be the anisotropic nature of
the non-interacting two fluid system. Also, it should be stressed that
from a quantum perspective the T -dependent Lagrangian may be
related to the creation of particles which may naturally describe the
existence of bulk viscosity and other “imperfections” in the referred
fluid.
Curved spacetimes, such as those in the vicinity of compact
astrophysical objects, can also be considered from the viewpoint
of their embedding into higher dimensions of the flat geometry.
In 1850, Riemann in his thesis introduced the concept of Rieman-
nian geometry which studies the geometric objects intrinsically.
Immediately, the thesis arose a question whether a Riemannian
manifold can be represented as a sub-manifold into a higher dimen-
sional Euclidean space which is later widely known as the isometric
embedding problem. ? conjectured that a Riemannian manifold,
having an analytic metric and a positively defined signature can
be embedded locally and isometrically into the higher dimensional
Euclidean space. Later, Janet (1926), Cartan (1927), and Burstin
(1931) proved the conjecture and shown that an n-dimensional Rie-
mannian space V n can be locally and isometrically embedded into
an N = n (n+ 1) /2 dimensional pseudo-Euclidean space. In the
symmetric cases, an n-dimensional geometry requires at least the
(n+1) dimensional pseudo-Euclidean space for its embedding. The
embedding geometry (the pseudo-Euclidean space) must necessarily
have higher numbers of positive and negative eigenvalues than those
of the embedded space. The so-called “embedding class” is the num-
ber of extra dimensions needed for the minimal embedding. The
embedding class (p) of any four-dimensional Lorentzian geometry
must lie between p = 1 to p = 6. The constant curvature spaces
belong to class 1, whereas the Schwarzschild solution is in class 2.
Along with the other classification schemes of Petrov type, the in-
variant classification scheme can be based on the embedding classes
of GR solutions (Stephani et al. 2003). For further study one may
consult referred literature (Barnes 1974; Kumar, Pratibha & Gupta
2010; Barnes 2011; Ponce de Leon 2015; Akbar 2017; Abbas et
al. 2018; Kuhfittig & Gladney 2018; Kuhfittig 2018) where authors
have explicitly applied and discussed the effects of the technique of
embedding of lower dimensional Riemannian space into the higher
dimensional pseudo-Euclidean space in the framework of GR and
modified gravity.
The ultra-dense compact astrophysical objects made up out of
(u), (d) and (s) quark matter are known as strange stars (SS). Bod-
mer (1971) and Witten (1984) conjectured the possible existence
of SS with the strange quark matter (SQM) as the absolute ground
state of the strongly interacting matter. This new type of compact
stars has drawn the attention of many theorists (Baym & Chin 1976;
Haensel, Zdunik & Schaeffer 1986; Alcock et al. 1986; Drago, Tam-
bini & Hjorth-Jensen 1996). The situation drastically changed after
a large amount of observational data was collected by using the new
generation γ and X-ray satellites. It was shown that Her X − 1 and
4U 1820−30 are the possible candidates for strange stars (Li, Dai &
Wang 1995; Bombaci 1997; Dey et al. 1998). Demorest et al. (2010)
determined the mass of the SS candidate PSR J1614 + 2230 by
using Shapiro delay and predicted that such the high mass stel-
lar object can only be justified by using MIT bag equation state
(EOS). Gangopadhyay et al. (2013) studied 12 possible candidates
of strange stars and predicted their radii by using the observed mass
of the compact stellar objects.
In this paper, in order to obtain a solution to the modified
Einstein field equations in the framework of f (R, T ) theory of
gravity, we use the embedding class one technique, via embedding
the interior four-dimensional spacetime into a five-dimensional flat
Euclidean space. Our paper is organized as follows: in Section 2
we provide a basic formulation of our f (R, T ) gravity theory. The
stellar equations of the spherically symmetric anisotropic system
inspired by the modified f (R, T ) theory of gravity, are given in
Section 3, and their general solutions, by employing the embedding
class one formalism, are given in Section 4. By using matching
boundary conditions in Section 5, we explore various features of
our stellar model in Section 6 which are physically plausible and
interesting. We conclude our study with a brief discussion of the
outcome in Section 7.
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2 BASIC MATHEMATICAL FORMULATION OF F (R, T )
THEORY
The action of the f(R, T ) theory (Harko et al. 2011) is
S =
1
16pi
∫
d4xf(R, T )√−g +
∫
d4xLm√−g, (1)
where f(R, T ) is a general function of the Ricci scalar R and the
trace of the energy-momentum tensor T , g is the determinant of the
metric gµν and Lm is the matter Lagrangian density. In the further
study, we adopt the geometrical units G = c = 1.
Varying the action (1) with respect to the metric gµν yields the
field equation
fR(R, T )Rµν − 12f(R, T )gµν + (gµν 2−∇µ∇ν)fR(R, T )
= 8piTµν − fT (R, T )Tµν − fT (R, T )Θµν , (2)
where fR(R, T ) = ∂f(R, T )/∂R, fT (R, T ) = ∂f(R, T )/∂T ,
2 ≡ ∂µ(√−ggµν∂ν)/√−g is the D’Alambert operator, Rµν is
the Ricci tensor,∇µ represents the covariant derivative associated
with the Levi-Civita connection of gµν , Θµν = gαβδTαβ/δgµν
and Tµν is the stress-energy tensor defined as Tµν = gµνLm −
2∂Lm/∂gµν (Landau & Lifshitz 2000).
The covariant divergence of (2) yields (Barrientos & Rubilar
2014)
∇µTµν = fT (R,T )8pi−fT (R,T ) [(Tµν + Θµν)∇
µ ln fT (R, T )
+∇µΘµν − (1/2)gµν∇µT ], (3)
where equation (3) features that the energy-momentum tensor in
f(R, T ) gravity is not conserved, as in other theories of gravity
(Zhao et al. 2012; Yu et al. 2018).
As T -dependence presumably invites quantum effects, such as
the production of particles or the consideration of exotic imperfect
fluids, in the present study we are considering the energy-momentum
tensor for the anisotropic fluid is given as
Tµν = (ρ+ pt)uµuν − ptgµν + (pr − pt) vµvν , (4)
where vµ and uν are the radial-four vectors and four velocity vectors,
respectively. Here, ρ represents matter density, whereas pr and pt
are the radial and tangential pressures, respectively. In the present
study, we choose Lm = −P , where P = 13 (pr + 2pt) and we
have Θµν = −2Tµν − Pgµν .
Following Harko et al. (2011) we assume the simplified and
linear functional form of f(R, T ) as f(R, T ) = R+ 2χT , where
χ is a constant. This specific functional form has been used suc-
cessfully in many f(R, T ) gravity models (Singh & Singh 2015;
Moraes 2014, 2015, 2016; Moraes, Correa & Lobato 2017; Reddy
& Kumar 2013; Kumar & Singh 2015; Shamir 2015; Fayaz et al.
2016).
Now substituting the assumed form of f(R, T ) in Eq. (2) we
have
Gµν = 8piTµν + χT gµν + 2χ(Tµν + Pgµν) = 8piT effµν , (5)
where Gµν is the usual Einstein tensor and T effµν is the effective
energy-momentum tensor given as
T effµν = Tµν +
χ
8pi
T gµν + χ
4pi
(Tµν + Pgµν). (6)
Putting χ = 0 in Eq. (5) reproduces the standard GR results.
For f(R, T ) = R+ 2χT Eq. (3) yields
(4pi + χ)∇µTµν = −1
2
χ [gµν∇µT + 2∇µ(Pgµν)] . (7)
3 EINSTEIN’S FIELD EQUATIONS IN F (R, T )
GRAVITY
We assume the interior spacetime of the spherically symmetric and
static stellar configuration is described by the metric
ds2 = eν(r)dt2 − eλ(r)dr2 − r2(dθ2 + sin2 θdφ2), (8)
where ν and λ are the metric potentials and functions of the radial
coordinate, r only.
Now using Eqs. (4), (5) and (8) we have the Einstein field
equations explicitly for f (R, T ) gravity as
e−λ
(
λ′
r
− 1
r2
)
+ 1
r2
= 8pi ρ+ χ
3
(9 ρ− pr − 2 pt) = 8piρeff , (9)
e−λ
(
ν′
r
+ 1
r2
)
− 1
r2
= 8pi pr − χ3 (3 ρ− 7 pr − 2 pt) = 8pip
eff
r , (10)
e−λ
2
(
ν′′ + 1
2
ν′2 + ν
′−λ′
r
− 1
2
ν′λ′
)
= 8pi pt − χ3 (3 ρ− pr − 8 pt) = 8pip
eff
t , (11)
where the prime (′) denotes the differentiation with respect to the
radial coordinate. Here, ρeff , peffr and p
eff
t represent the effective
density, effective radial pressure and effective tangential pressure of
the compact stellar system as follows:
ρeff = ρ+
χ
24pi
(9 ρ− pr − 2 pt) , (12)
peffr = pr − χ
24pi
(3 ρ− 7 pr − 2 pt) , (13)
pefft = pt −
χ
24pi
(3 ρ− pr − 8 pt) . (14)
To solve Eqs. (9)-(11), we assume the equation of state (EOS)
inside the stellar system to be governed by the well known MIT bag
EOS (Chodos et al. 1974). To include all the corrections of energy
and pressure functions of SQM in the MIT bag model, an ad hoc
bag function has been introduced. By considering that the quarks
are massless and non-interacting in this simplified bag model the
quark pressure, pr can be defined as
pr =
∑
f=u,d,s
pf −B, (15)
where pf is the individual pressure of the each quark flavors and
B is the vacuum energy density, alternatively known as the bag
constant. Here the individual quark flavor has energy density ρf is
related to pf as follows:
pf =
1
3
ρf . (16)
Now, the energy density of the deconfined quarks inside the
bag is defined as
ρ =
∑
f=u,d,s
ρf +B. (17)
After substituting Eqs. (16) and (17) into Eq. (15) one may
derive the well known MIT bag model EOS for SQM given as
pr =
1
3
(ρ− 4B) . (18)
In our numerical analysis, we consider the values of B in the
range 60 − 90 MeV/fm3. These values are consistent with the
CERN data about quark-gluon plasma (QGP) and are compatible
with the RHIC preliminary results (Heinz & Jacobs 2000; Heinz
2001; Blaizot 2002; Burgio et al. 2002). However, a relation of the in-
formation on the nuclear equation of state (EOS) due to high-energy
heavy-ion collisions to physics of the interior of the ultra-dense
compact stars, like neutron stars or strange quark stars, is unknown.
In fact, there is a clear difference between the formation of QGP
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during the heavy-ion collision in the laboratory, and in the core of
ultra-dense compact stars, needed to support the extreme inward
gravitational pull. The possible QGP produced in the heavy-ion col-
lision is characterized by high temperature and low baryon density,
unlike the strange quark stars, made of QGP. In fact, it is by no
means obvious that physics of strongly bound quark matter (particle
physics) and physics of quark stars (astrophysics) are both mainly
governed by strong interactions, because gravity is also the major
player there for stars and cannot be ignored, e.g., vide following
ref. (Lattimer & Prakash 2016). In the original MIT bag model,
the value of bag constant was B = 55 MeV/fm3. It was already
verified (Farhi & Jaffe 1984) that Witten’s conjecture successfully
describes the non-interacting and massless quarks with the B values
between 57−94MeV/fm3. In support of our choice ofB we also
mention the recent articles (Burgio et al. 2002; Jaikumar, Reddy &
Steiner 2006; Bordbar, Bahri1 & Kayanikhoo1 2012; Kalam et al.
2013; Maharaj, Sunzu & Ray 2014; Rahaman et al. 2014; Abbas et al.
2015; Arban˜il & Malheiro 2016; Moraes, Arban˜il & Malheiro 2016;
Lugones & Arban˜il 2017; Alaverdyan & Vartanyan 2017) where the
values of B are also chosen in the range 60 − 90 MeV/fm3 for
strange quark stars.
An analysis of a spherically symmetric stellar system demands
the definition of the mass function as follows:
m (r) = 4pi
∫ r
0
ρeff (r) r2dr. (19)
Substitution of Eq. (19) into Eq. (9) yields
e−λ(r) = 1− 2m
r
, (20)
m being the gravitational mass inside a sphere of radius r.
4 BASIC FORMALISM OF CLASS 1 AND GENERAL
SOLUTIONS
Following Lake (2003), in order to solve field Eqs. (9)-(11) we
assume a specific form of the metric potential ν as
eν = G
(
Ar2 + 1
)n
, (21)
where A, G and n are constants.
For a physically valid solution the metric potential eν must
be free from the singularity and be a positive and monotonically
increasing function of the radial coordinate. The metric potential
we choose in Eq. (21) is consistent with all the above mentioned
conditions and therefore is physically acceptable.
It is well known (Eisenhart 1925) that space V n+1 can be
represented as an embedding class 1, i.e., V n+1 can be projected as
a hypersurface of a pseudo-Euclidean space En+2 if there exists a
symmetric tensor amn satisfying the following equations:
(i) The Gauss equation:
Rmnpq = 2eam [paq]n, (22)
(ii) The Codazzi equation:
am[n;p] − Γq[np]amq + Γqm [nap]q = 0, (23)
where e = ±1,Rmnpq denotes curvature tensor and square brackets
represent antisymmetrization. Here, amn are the coefficients of the
second differential form. Eiesland (1925), after combining both the
Gauss and Codazzi equations predicted a necessary and sufficient
condition for the embedding class 1 in a more concise form as
R0202R1313 = R0101R2323 +R1202R1303. (24)
The required Riemannian symbols for the assumed interior
spacetime Eq. (8) are
R0101 = − 14 eν
(
−ν′λ′ + ν′2 + 2 ν′′
)
, (25)
R0202 = − 12 rν′eν−λ, (26)
R1202 = 0, (27)
R1303 = 0, (28)
R1313 = − 12 λ′r sin2 θ, (29)
R2323 = −r2sin2 θ
(
1− e−λ) . (30)
Substituting Eqs. (25)-(30) into Eq. (24) we find the differential
equation
eλλ′ν′ − eλν′2 − 2 eλν′′ + ν′2 + 2ν′′ = 0. (31)
Now, substituting Eq. (21) into Eq. (31), we get the solution
eλ =
[
1− FAr2 (Ar2 + 1)n−2] , (32)
where F = 4CGAn2 and C is the integration constant.
We have shown variations of the metric potentials, viz., eν and
eλ, with respect to the radial coordinate in Fig. 1. It reveals that as
the metric potentials are finite at the centre the system is free from
the geometrical singularity.
Substituting the metric potentials eν of Eq. (21) and eλ of
Eq. (32) in Eqs. (9)-(11) and using the Eq. (18), we find the ex-
pression of the effective density
(
ρeff
)
, the effective radial pres-
sure
(
peffr
)
and the effective tangential pressure
(
pefft
)
as
ρeff = 1
24pi(4pi+χ)ρ22(2Mr2ρ2n−ρ4ρ22)2ρ3
[
384
(
ρ1r
2 − χ
96
)
r2M2ρ3ρ2
2+2n + 72ρ4{([ 163 ρ1r2 + ( 7n18 − 29 )χ+
pi(n− 1
2
)]r2M − 16
3
(ρ1r
2 + 3pi
32
+ χ
32
)ρ3)Mρ2
3+n
− ρ4ρ24
72
([−96ρ1r2 +
{
(n− 8)χ− 18pi}n]r2M2 +
{192ρ1r2 + 18(pi + χ3 )n}M − 96ρ1ρ3)}
]
, (33)
peffr =
(2Mr2ρ2n−2−ρ4)−2
24pi(4pi+χ)(2MR2n−R3n+MR2−Mr2)2[
− 1536(ρ1r2 − χ96 )r2(((n+ 12 )R2 − 12r2)M
− 1
2
R3n)2M2(ρ2
n−2)2 + 1536M(((ρ1r2 − pi32 )
(n+ 1
2
)R2 + 1
32
(−16ρ1r2 + (pi − χ6 )n− pi2 + χ6 )r2)M
− 1
2
(ρ1r
2 − pi
32
)R3n)ρ4(((n+
1
2
)R2 − 1
2
r2)M
− 1
2
R3n)ρ2
n−2 − 384ρ42((ρ1(n+ 12 )2R4 +
1
32
(−32ρ1r2 + pin)(n+ 12 )R2 − 1384 (−96ρ1r2 +
n(χn+ 6pi − 2χ))r2)M2 −R3((n+ 1
2
)ρ1R
2
− 1
2
ρ1r
2 + pin
64
)nM + 1
4
ρ1R
6n2)
]
, (34)
pefft =
1
12ρ32pi(4pi+χ)(2Mr2ρ2n−2−ρ4)2ρ22[
− 192ρ22ρ32r2M2(ρ1r2 − pi8 − χ24 )(ρ2n−2)2
−12ρ2ρ3ρ4M((16ρ1r2 + (n− 32 )pi + 23χ(n− 1))r2M
−16(ρ1r2 − pi32 )ρ3)ρ2n−2 + 6((−8ρ1r2 + ((n− 32 )pi +
1
3
(n− 2)χ)n)r2M2 − 1
2
ρ3(−32ρ1r2 + pin)M
−8ρ1ρ32)ρ42
]
, (35)
where
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Figure 1. Variation of metric functions eν (first and second plots from the left) and eλ (third and fourth plots from the left) with the radial coordinate r/R for
LMCX − 4.
Figure 2. Variation of matter density with the radial coordinate r/R for
LMCX − 4
Figure 3. Variation of radial pressure peffr (upper panel) and tangential
pressure pefft (lower panel) with the radial coordinate r/R for LMCX−4.
ρ1=
(
pi + χ
2
)(
pi + χ
4
)
B,
ρ2 = − Mr2R−2(2Mn−Rn+M) + 1,
ρ3 = R
2 (2Mn−Rn+M)
and
ρ4 =
(
n(−R+2M)
2Mn−Rn+M
)n−2
(−R+ 2M)R2.
Variation of ρeff , peffr and p
eff
t with the radial coordinate are
shown in Figs. 2 and 3. From these figures, we find that all three
parameters are maximum at the centre, and they are decreasing
monotonically to reach their minimum values at the surface, which
confirms the physical validity of the predicted stellar model. These
figures also feature that the density and pressure functions are fi-
nite at the centre, which confirms that our system is free from the
physical singularity.
The anisotropy of the system can be obtained by using Eqs. (34)
and (35) as
∆ = pefft − peffr
= 1
2piρ32(4pi+χ)(2Mr2ρ2n−2−ρ4)2ρ22
[
− 32(ρ1r2 − pi8 − χ24 )
M2r2ρ22ρ32(ρ2n−2)2 − 2M((16ρ1r2 + (pi + 23χ)n− 32pi
− 2
3
χ)r2M − 16ρ3(ρ1r2 − pi32 ))ρ2ρ3ρ4ρ2n−2 + ((−8ρ1r2 +
((pi + χ
3
)n− 3
2
pi − 2
3
χ)n)r2M2 − 1
2
ρ3(−32ρ1r2 + npi)M −
8ρ1ρ32)ρ42
]
+
{
96(2Mr2ρ2n−2 + ρ4)2(((−2n− 1)R2
+r2)M +R3n)2pi(pi + χ
4
)
}−1[
384M2(((−2n− 1)R2 + r2)M
+R3n)2r2(ρ1r2 − χ96 )(ρ2n−2)2 + 384((−2(ρ1r2 −
pi
32
)(n+ 1
2
)R2 − 1
16
r2((pi − χ
6
)n− 16ρ1r2 − pi2 +
χ
6
))M + (ρ1r2 − pi32 )R3n)M(((−2n− 1)R2 + r2)M +
R3n)ρ4ρ2n−2 + 96ρ42((4ρ1(n+ 12 )
2R4 + 1
8
(−32ρ1r2 +
npi)(n+ 1
2
)R2 − r2
96
(χn2 + (6pi − 2χ)n− 96ρ1r2))M2 −
4R3((n+ 1
2
)ρ1R2 − 12ρ1r2 + npi64 )nM + ρ1R6n2)
]
. (36)
The behaviour of the anisotropy is shown in Fig. 4. In our study,
we find in the case of anisotropic compact stellar system in the
framework of modified f (R, T ) gravity theory, that the anisotropy
is zero at the centre and is maximum at the surface, which is matched
well with the prediction of Deb et al. (2017) in the case of Einsteinian
gravity.
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Figure 4. Variation of anisotropy with the radial coordinate r/R for
LMCX − 4.
5 MATCHING BOUNDARY CONDITIONS AND
EQULLIBRIUM CONFIGURATIONS FOR THE
STRANGE STAR CANDIDATES
To derive the values of the model constants, we match our interior
spacetime metric to the exterior Schwarzschild metric given by
ds2 =
(
1− 2M
r
)
dt2 − dr2
(1− 2Mr )
− r2(dθ2 + sin2 θdφ2).
(37)
Here it is important to note that outside the stellar system
T = 0 and hence, all the extra material terms in the field equations
due to the f (R, T ) gravity theory are null so that the standard form
of the Schwarzschild metric (37) is still valid in the present case
describing the exterior spacetime.
The continuity of the metric potentials gtt, grr and the continu-
ity of the second fundamental form, i.e., dgtt
dr
at the surface (r = R)
yield the following equations:
G
(
AR2 + 1
)n
= 1− 2M
R
, (38)
1− FAR2 (AR2 + 1)n−2 = (1− 2M
R
)−1
, (39)
2G
(
AR2 + 1
)n−1
nAR = 2M
R2
. (40)
By solving Eqs. (38)-(40) we get the values of different con-
stants as
A = − M
R2(2Mn−Rn+M) , (41)
G =
(
1− 2M
R
) [ n(2M−R)
2Mn−Rn+M
]−n
, (42)
F = 2(2Mn−Rn+M)
R−2M
[
n(2M−R)
2Mn−Rn+M
]2−n
, (43)
C = − R3
2M
, (44)
where we already defined F = 4CGAn2.
For a physically acceptable stellar system, the radial pressure
at the surface must be zero, i.e., pr (R) = 0 and it gives
n = − 2M2(12pi−χ)
96Bpi2R4+72BpiR4χ+12BR4χ2+12M2pi−M2χ−18MpiR .
(45)
In the framework of the modified f (R, T ) gravity theory by
using Eq. (4), the modified form of the energy-momentum tensor
Eq. (7) can be written in a more explicit form as follows:
−p′r − 12ν′ (ρ+ pr) + 2r (pt − pr)
+ χ
3(8pi+2χ)
(3ρ′ − p′r − 2p′t) = 0. (46)
Hence, the hydrostatic equilibrium equation for the anisotropic
spherically symmetric compact stellar system in the framework of
f (R, T ) theory of gravity can be achieved using Eqs. (10), (20),
and (46) as follows:
p′r = −
[
(ρ+ pr){4piprr2 − χ6 (3ρ− 7pr − 2pt)r2 +
m
r
+ 2(pt − pr)(1− 2mr )}
]/[
r
(
1− 2m
r
) {
1 +
χ
3(8pi+2χ)
(
1− 3 dρ
dpr
+ 2 dpt
dpr
)}]
. (47)
To derive the exact values of radii of the strange star candidates
for the different values of n, we have solved the hydrostatic equation
(47) by using Eqs. (18) and (45). To this end, we also consider the
observed values for the mass of the stellar candidates and assume
some particular values for B. Simultaneously, we derive the values
of χ for the strange star candidates due to the parametric values of
n and B. For χ = 0 in Eq. (47) we have the standard hydrostatic
equation for the anisotropic spherically symmetric objects in the
Einstein gravity.
In Fig. 5 we present the behaviour of the total mass (M), nor-
malized in units of Solar mass (M), with respect to the total radius
(R) of the strange star candidates for the parametric values of n and
different chosen values of B. Interestingly, likewise the Einstein
gravity, the mass-radius relation for the strange star candidates takes
the usual form in the case of f (R, T ) gravity theory too. We find
that for B = 83 MeV/fm3, the maximal mass is 2.595 M when
χ = −0.8, and 2.070 M when χ = 0.8. The radii, corresponding
to the maximum mass points, are 11.244 km for χ = −0.8, and
8.867 km for χ = 0.8, whereas the obtained values of n corre-
sponding to the maximum mass points in the case χ = −0.8, and
χ = 0.8 are n = 2.210 and n = 1.655, respectively. Figure 5 fea-
tures that, as the values of χ decrease, the values of maximum mass
points and the corresponding radii increase gradually. So, with the
decreasing values of χ, the stellar system turns into a more massive
and less dense compact object.
6 PHYSICAL PROPERTIES IN F (R, T ) GRAVITY
The physical properties of the stellar model in the f (R, T ) are
studied in the following subsections.
6.1 Energy conditions
For our choice f (R, T ) = R + 2χT the field equations can be
summarized in Eq. (5). The corresponding energy conditions, viz.,
the Weak Energy Condition (WEC), the Null Energy Condition
(NEC), the Strong Energy Condition (SEC) and the Dominant En-
ergy Condition (DEC) in f (R, T ) gravity theory can be written
down as (Chakraborty 2013)
NEC : ρeff + peffr > 0, ρeff + pefft > 0, (48)
WEC : ρeff + peffr > 0, ρeff > 0, ρeff + pefft > 0, (49)
SEC : ρeff + peffr > 0, ρeff + peffr + 2pefft > 0, (50)
DEC : ρeff > 0, ρeff − peffr > 0, ρeff − pefft > 0. (51)
For physical validity, the compact stellar system has to be
consistent with the inequalities (48)-(51) simultaneously, in order to
satisfy the energy conditions. Figure 6 features that our system is
well consistent with all the energy conditions for all chosen values
of B and χ.
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Figure 5. Variation of the total mass normalized in the unit of Solar mass (M/M) with the total radius R.
Table 1. Physical parameters of the observed strange stars for χ = −0.4 and B = 83MeV/fm3.
Strange Observed Predicted ρeffc ρ
eff
0 pc
2M
R
Zs
Stars Mass (M) radius (Km) (gm/cm3) (gm/cm3) dyne/cm2
PSR J1416-2230 1.97±0.04 (Demorest et al. 2010) 11.083 ± 0.037 9.799 ×1014 5.389 ×1014 1.385 ×1035 0.524 0.449
Vela X-1 1.77±0.08 (Rawls et al. 2011) 10.852 ± 0.108 8.756 ×1014 5.385 ×1014 1.058 ×1035 0.481 0.388
4U 1608-52 1.74±0.14 (Guv¨er et al. 2010a) 10.811 ± 0.197 8.631 ×1014 5.385 ×1014 1.019 ×1035 0.475 0.380
PSR J1903+327 1.667 ±0.021 (Freire et al. 2011) 10.703 ± 0.032 8.362 ×1014 5.384 ×1014 9.350 ×1034 0.459 0.360
4U 1820-30 1.58 ±0.06 (Guv¨er et al. 2010b) 10.562 ± 0.101 8.081 ×1014 5.383 ×1014 8.473 ×1034 0.441 0.337
Cen X-3 1.49 ±0.08 (Rawls et al. 2011) 10.403 ± 0.147 7.826 ×1014 5.382 ×1014 7.673 ×1034 0.422 0.315
EXO 1785-248 1.3 ±0.2 (O¨zel, Guv¨er & Psaltis 2009) 10.022 ± 0.435 7.375 ×1014 5.381 ×1014 6.264 ×1034 0.383 0.273
LMC X - 4 1.29 ±0.05 (Rawls et al. 2011) 10.000 ± 0.109 7.355 ×1014 5.381 ×1014 6.201 ×1034 0.380 0.270
SMC X - 1 1.04 ±0.09 (Rawls et al. 2011) 9.393 ± 0.242 6.885 ×1014 5.379 ×1014 4.730 ×1034 0.327 0.219
SAX J1808.4-3658 0.9 ±0.3 (Elebert et al. 2009) 8.992 ± 0.934 6.663 ×1014 5.378 ×1014 4.036 ×1034 0..295 0.191
4U 1538-52 0.87±0.07 (Rawls et al. 2011) 8.900 ± 0.2019 6.615 ×1015 5.378 ×1015 3.886 ×1034 0.288 0.185
Her X-1 0.85±0.15 (Abubekerov et al. 2008) 8.836 ± 0.481 6.589 ×1015 5.378 ×1015 3.804 ×1034 0.284 0.182
Table 2. Derived values of constants due to the different strange star candidates for χ = −0.4 and B = 83MeV/fm3.
Strange Stars n A C F G
PSR J1416-2230 8.706 5.503× 10−4 −234.252 −10.518 0.269
Vela X-1 16.181 2.505× 10−4 −244.756 −20.814 0.324
4U 1608-52 18.311 2.165× 10−4 −246.165 −23.759 0.332
PSR J1903+327 25.610 1.473× 10−4 −249.321 −33.929 0.352
4U 1820-30 44.938 7.948× 10−5 −252.790 −60.982 0.376
Cen X-3 161.229 2.101× 10−5 −256.134 −224.078 0.400
EXO 1785-248 −42.870 −7.146× 10−5 −262.481 62.508 0.453
LMC X-4 −40.731 −7.485× 10−5 −262.778 59.538 0.456
SMC X-1 −17.373 −1.560× 10−4 −270.120 26.933 0.529
SAX J1808.4-3658 −13.676 −1.866× 10−4 −273.845 21.882 0.572
4U 1538-52 −12.936 −1.947× 10−4 −274.681 20.834 0.582
Her X-1 −12.790 −1.954× 10−4 −275.122 20.694 0.588
Table 3. Physical properties of LMC X − 4 due to different values of χ for B = 83MeV/fm3.
Values Predicted obtained value ρeffc ρ
eff
0 pc
2M
R
Zs
of χ radius (Km) of n (gm/cm3) (gm/cm3) dyne/cm2
-0.8 10.398± 0.117 −17.317 6.405× 1014 4.855× 1014 5.112× 1034 0.366 0.256
-0.4 10.000± 0.109 −40.731 7.355× 1014 5.381× 1014 6.201× 1034 0.380 0.270
0 9.633± 0.102 106.881 8.424× 1014 5.927× 1014 7.480× 1034 0.395 0.286
0.4 9.291± 0.095 21.980 9.642× 1014 6.493× 1014 9.016× 1034 0.410 0.302
0.8 8.972± 0.087 12.152 1.103× 1015 7.077× 1014 1.083× 1035 0.424 0.318
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Table 4. Physical properties of LMC X − 4 due to different values of B for χ = 0.4.
Values Predicted Values of ρeffc ρ
eff
0 pc
2M
R
Zs
of B radius (Km) n (gm/cm3) (gm/cm3) dyne/cm2
60 10.458± 0.115 106.707 6.475× 1014 4.689× 1014 5.113× 1034 0.364 0.254
80 9.423± 0.097 24.766 9.188× 1014 6.249× 1014 8.412× 1034 0.404 0.295
90 9.022± 0.090 17.807 1.067× 1015 7.030× 1014 1.043× 1035 0.422 0.315
Figure 6. Variation of energy conditions with the radial coordinate r/R
for LMCX − 4. Here, dot, dash, dashdot, longdash, solid and spacedash
linestyle represent respectively ρeff , ρeff + peffr , ρeff + p
eff
t , ρ
eff +
peffr +2 p
eff
t , ρ
eff −peffr and ρeff −pefft , whereas purple, green, red,
orange and blue color represent the cases with χ = 0.8, 0.4, 0,−0.4 and
−0.8, respectively.
6.2 Stability of the system
To study stability of the stellar model, we discuss (i) Modified TOV
equation for f (R, T ) gravity, (ii) Herrera cracking concept, and
(iii) adiabatic Index.
6.2.1 Modified TOV equation for f (R, T ) gravity
In Eq. (5) we show the Einstein field equation for the f(R, T )
gravity theory which leads to the energy conservation of the effective
energy-momentum tensor for our system as
∇µT effµν = 0. (52)
We have already shown in Eq. (46) that the modified form of
the generalized Tolman-Oppenheimer-Volkoff (TOV) equation for
the f (R, T ) gravity theory for our system is given by
−p′r − 12ν′ (ρ+ pr) + 2r (pt − pr) +
χ(3ρ′−p′r−2p′t)
3(8pi+2χ)
= 0,
where the first term is the gravitational force (Fg), the second term
represents hydrodynamic force (Fh), the third term is the anisotropic
force (Fa) and the last term represents force (Fm) due to modifica-
tion of the gravitational Lagrangian of the Einstein-Hilbert action.
The modified TOV equation shows that the sum of the different
forces in our system is zero, i.e, Fg + Fh + Fa + Fm = 0.
Fig. 7 features that the equilibrium of the forces is achieved
for our system, which ensures the stability of the proposed stellar
system. This figure shows that in the case of χ > 0 the sum of the
gravitational force and the force arising due to modified f (R, T )
gravity theory are counterbalanced by the combined effect of the
hydrodynamic force and anisotropic force, whereas in the case of
χ < 0 the resultant effect of Fh, Fa and Fm counterbalances the
inward pull due to Fg . Hence, for χ < 0 the effect of Fm acts
along the outward direction and shows repulsive nature, whereas for
Figure 7. Variation of forces with the radial coordinate r/R forLMCX−4.
Here, dot, dash, dashdot and longdash linestyle represent Fh, Fa, Fm and
Fg , respectively, whereas purple, green, red, orange and blue color represent
the cases with χ = 0.8, 0.4, 0,−0.4 and −0.8, respectively.
χ > 0 we find Fm acts along the inward direction and behaves like
an attractive force.
6.2.2 Herrera cracking concept
For a stable stellar configuration, square of the radial
(
v2r
)
and
tangential
(
v2t
)
sound speeds should lie within limit [0,1], which
is known as the condition of causality (Herrera 1992). Accord-
ing to the Herrera cracking concept (Herrera 1992; Abreu, Her-
nandez & Nunez 2007) for a potentially stable region, v2r should
be greater than v2t and the difference of square of the sound
speeds should maintain same sign throughout the matter distribu-
tion, i.e., no cracking. So, causality and Herrera cracking concept
imply: i) 0 < v2r < 1 and 0 < v2t < 1, ii) 0 <| v2t − v2r |< 1. For
our system, squares of the sound speeds are defined by
v2r =
dpeffr
dρeff
, (53)
v2t =
dp
eff
t
dρeff
. (54)
Fig. 8 shows that our system is consistent with both the causal-
ity condition and Herrera cracking concept, which confirms the
stability of the system.
6.2.3 Adiabatic index
For a given density, the stiffness of the equation of states can be
characterized by the adiabatic index, and it also describes the sta-
bility of both relativistic or non-relativistic compact stars. Follow-
ing Chandrasekhar (1964), dynamical stability of the stellar system
against an infinitesimal radial adiabatic perturbation has been tested
by many authors (Hillebrandt & Steinmetz 1976; Horvat, Ilijic´ &
Marunovic´ 2011; Doneva & Yazadjiev 2012; Silva et al. 2015). In
their work Heintzmann and Hillebrandt (1975) have suggested that
for a dynamically stable stellar system the adiabatic index must
exceed 4
3
in all the interior points. For our system, adiabatic index Γ
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Figure 8. Variation of v2r (in the upper panel), v2t (in the middle panel)
and | v2t − v2r | (in the lower panel) with the radial coordinate r/R for
LMCX − 4.
Figure 9. Variation of adiabatic index Γ with the radial coordinate r/R for
LMCX − 4.
reads
Γ =
peffr + ρ
eff
peffr
dpeffr
dρeff
=
peffr + ρ
eff
peffr
v2r , (55)
The variations of Γ against the radial coordinate r/R are pre-
sented in Fig. 9 for B = 60 MeV/fm3 and 83 MeV/fm3. It
Figure 10. Variation of compactification factor with the radial coordinate
r/R for LMCX − 4.
shows that in both cases the adiabatic indices are greater than 4
3
,
which confirms the stability of the stellar system.
6.3 Compactification factor and redshift
In our model the mass of the stellar system is given by
m = 1
2
− 1
1−
2Mr2
{
− Mr2
R2(2Mn−Rn+M) +1
}n−2
{
n(−R+2M)
2Mn−Rn+M
}n−2
(−R+2M)R2
+ 1
 r. (56)
From Eq. (56) we find that the mass function is regular within
the stellar system and is zero at the centre, when r = 0.
The compactification factor is defined by
u(r) = m(r)
r
= 1
2
− 1
1−
2Mr2
{
− Mr2
R2(2Mn−Rn+M) +1
}n−2
{
n(−R+2M)
2Mn−Rn+M
}n−2
(−R+2M)R2
+ 1
 . (57)
The variation of the compactification factor is shown in Fig. 10.
Note that for a spherically symmetric stellar system the maximally
allowed mass-to-radius ratio, as predicted by Buchdahl (1959), is
given by M
R
< 4
9
. Fig. 10 shows that for all the values of χ the
Buchdahl condition is satisfied in our system.
The surface redshift for our system is defined by
Z =
1√√√√ (R−2M){1− Mr2R2(2Mn−Rn+M)}n{
n(−R+2M)
2Mn−Rn+M
}n
R
− 1. (58)
The variation of the redshift with the radial coordinate is shown
in Fig. 11.
7 DISCUSSION AND CONCLUSION
Our investigation is devoted to a new class of generalized solutions
for the spherically symmetric anisotropic compact stellar objects,
especially strange stars. In our study, we corroborate the ‘embed-
ding class’ method as a powerful instrument to obtain general so-
lutions of the modified Einstein field equations in the framework
of the f (R, T ) gravity theory. To be precise, our study deals with
the ‘embedding class 1’ method where a four-dimensional interior
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Figure 11. Variation of redshift with the radial coordinate r/R for
LMCX − 4.
spacetime is embedded into the five-dimensional flat Euclidean
space. To incorporate the interaction between the geometrical terms
and matter, following Harko et al. (2011) we considered the sim-
plified (conservative) linear ansatz for the f (R, T ) function given
by f (R, T ) = R + h (T ). This modification results in the mod-
ification of the standard Einstein field equations, as presented in
Eq. 5, and indicates the presence of a new type of matter inside the
stellar system along with SQM. This new type of matter originates
due to the specific interaction between the geometric term and mat-
ter (Chakraborty 2013). Equation (7) features the non-conservation
of the energy-momentum tensor, but this can be resolved by consider-
ing the effective energy-momentum tensor of the matter distribution
as T effµν in Eq. (6) that results in ∇µT effµν = 0. To solve the grav-
itational field equations (9)-(11), we have applied the embedding
class one techniques (24) and considered the SQM to be governed
by the phenomenological and simplified MIT bag EOS (18). Follow-
ing Lake (2003), we assumed the time-time component of the metric
potential to be eν = G
(
Ar2 + 1
)n and obtained eλ in Eq. (32).
For the numerical analysis and study of the physical justifica-
tions of the achieved solutions, we consider LMC X − 4 as the
representative of the strange star candidates, having the observed
mass as 1.29 M (Rawls et al. 2011). Further, to derive the un-
known values of the constants, viz., n, A, C, F , and G, etc., and
radius R of the stellar system, we assumed random values of χ
as −0.8, −0.4, 0, 0.4 and 0.8. We also assumed the values of the
bag constant B as 60 MeV/fm3 and 83 MeV/fm3 as the exam-
ples, which lie well within the accepted values of B (Burgio et al.
2002; Kalam et al. 2013; Rahaman et al. 2014). To avoid confusion,
it should be mentioned that there is no specific reason behind the
choice of our values for χ andB: their values were chosen randomly,
in order to derive unknown parameters of the stellar system.
The behaviour of the metric potentials, viz., eν and eλ are
shown in Fig. 1, for the chosen values of the bag constants. The
variation of the effective matter distribution ρeff against the radial
coordinate r/R is shown in Fig. 2. The behaviour of the effective
radial (peffr ) and tangential (p
eff
t ) pressures are featured in the upper
and lower panel of Fig. 3. Importantly, Figs. 1 - 3 exhibit that
our system is completely free from any type of singularities, viz.,
geometrical and physical singularities. In Fig. 4 we have shown the
behaviour of the anisotropic stress of the system, which is zero at
the centre and reaches its maximum at the surface. It is interesting to
note that in the framework of f (R, T ) gravity theory the anisotropy
follows the same behaviour as predicted by Deb et al. (2017) in
the case of GR. In Fig. 5 we present the mass-to-radius relation for
the strange star candidates, that appears to be similar to the typical
M − R curve for the strange star candidates in GR. We find for
B = 83 MeV/fm3, as the values of χ decrease from χ = 0.8
to χ = −0.8, the values of maximum mass Mmax rise 25.362 %,
whereas the corresponding values of total radius R˜M rise 26.819 %.
In each case, we also calculated the values of the constant n, which
increase 0.335 % when χ decreases from χ = 0.8 to χ = −0.8. In
summary, when the values of χ decrease, the compact stellar objects
become more massive and larger in size, which turns them into less
dense stellar objects gradually.
Figure 6 features that our system is consistent with all the en-
ergy conditions, and it confirms the physical validity of the achieved
solutions. To verify whether all the forces are in equilibrium for our
system, we studied the modified TOV equation for f (R, T ) gravity.
Fig. 7 shows that all the forces are in equilibrium, which confirms
the stability of the system. Interestingly, a new kind of force Fm is
arising in our system due to the coupling between matter and ge-
ometry. This force is repulsive in nature and acts along the outward
direction when χ < 0, whereas Fm acts along the inward direction
and shows the attractive nature for χ > 0. The upper and middle
panel of Fig. 8 shows that the square of the sound speeds, viz., v2r
and v2t are well within the interval between 0 and 1, and the present
system is consistent with the causality condition. Again, from the
lower panel of Fig. 8 we get that our system is also consistent with
the Herrera cracking condition, as we have 0 <| v2t − v2r |< 1,
which assures the stability of the present anisotropic stellar system.
Figure 9 features that in all the cases our system is stable against an
infinitesimal radial adiabatic perturbation, as Γ is greater than 4/3
in all interior points of the stellar configuration. We have also pre-
sented the behaviour of the compactification factor and the redshift
function in Figs. 10 and 11, respectively.
For χ = −0.4 and B = 83 MeV/fm3 we have predicted
values of various physical parameters, viz., the radius (R), central
density (ρeffc ), surface density (ρ
eff
0 ), central pressure (pc), mass-
radius ratio (2M/R) and surface redshift (Zs) in Table 1, and have
also presented the calculated values of the different constants, viz.,
χ, A, C and G in Table 2, due to different strange star candidates.
Table 1 features that the strange star candidates have high redshift
values (0.182 − 0.449), and their surface densities (2.338ρ0 −
2.343ρ0) are higher than the normal nuclear density ρ0 (Ruderman
1972; Glendenning 1997; Herzog & Ro¨pke 2011), which confirms
that the chosen stellar configurations are suitable candidates for the
hypothetical ultra-dense strange stars. Further, with the motivation
for the comparative discussion, in Table 3 we have presented the
predicted values of the physical parameters for the strange star
candidate LMC X − 4 due to chosen parametric values of χ,
viz., χ = −0.8,−0.4, 0, 0.4 and 0.8, and the bag constants B =
83MeV/fm3. Interestingly, Table 4 features that as values of B
increase the values of R and n decrease accordingly, however, the
values of the physical parameters ρeffc , ρ
eff
0 , pc, 2M/R and Zs
increase gradually. Hence, Tables 3 and 4 clearly show that as the
values of χ and B decrease, the stellar systems become larger in
size turning them into less dense compact objects.
It is interesting to mention that our study on the effect of the
f (R, T ) gravity theory on the strange star candidates reveals the
same result as predicted by Astashenoka, Capozziello and Odintsov
(2015) in their study, which deals with a non-perturbative models
of strange stars in f (R) = R + αR2 theory of gravity, where
α is a constant parameter. Their study (Astashenoka, Capozziello
and Odintsov 2015) reveals that as the values of α increase, the
stellar system becomes more massive gradually, which in our study
is an interesting case due to the decreasing values of the constant
parameter χ. The authors (Astashenoka, Capozziello and Odintsov
2015) predicted that the presence of the extra geometrical term
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αR2 is the reason behind the origin of the extra gravitational mass,
whereas in our study it is the case but due to the presence of the
extra matter term 2χT . In our study, we find in the framework of
the particular f (R, T ) gravity theory, as the values of χ increase,
the values of surface redshift (Zs) increase gradually, whereas in
the case of f (R) gravity Astashenoka, Capozziello and Odintsov
(2015) found that Zs decrease consequently with the increase of the
values of α. Hence, the reader may easily differentiate the effects of
the f (R, T ) and f (R) gravity by analyzing the surface redshift of
compact stellar objects.
Einstein’s theory has been tested successfully mainly in the
regime of weak gravity through solar system tests and laboratory ex-
periments. But the validity of this highly accepted theory still faces
stringent constraint in the regime of strong gravity, viz., the region
near to a black hole, ultra dense compact stars and expanding uni-
verse. The recent discovery of peculiar highly over-luminous SNeIa,
e.g. SN 2003fg, SN 2006gz, SN 2007if and SN 2009dc (Howel
et al. 2006; Scalzo et al. 2010) indicates a huge Ni-mass and con-
firms the highly super-Chandrasekhar white dwarfs, having mass
2.1− 2.8 M, as a suitable progenitors (Howel et al. 2006; Scalzo
et al. 2010; Hicken et al. 2007; Yamanaka et al. 2009; Silverman
et al. 2011; Taubenberger et al. 2011). Recently, Linares, Shah-
baz and Casares (2018) have discovered a highly massive pulsar
of mass 2.27+0.17−0.15 M in their observation of compact binaries
PSR J2215 + 5135. Clearly, these observations are not only ques-
tioning the standard Chandrasekhar limit for the compact stellar
objects but also invoking the necessity of modification of GR in
the strong gravity regime. Interestingly, our study reveals that due
to the effect of f (R, T ) gravity theory, the maximal mass limits
rise higher than their standard values in GR for the chosen para-
metric values of χ. Hence, the stellar systems in the framework
of f (R, T ) gravity theory may also explain the observed massive
stellar systems, viz., massive pulsars, super-Chandrasekhar stars and
magnetars, etc., which GR hardly can explain suitably so far. In
support of the achieved result in the present investigation, it is worth
mentioning that the important study by De Laurentis (2018) also
reveals that the application of the Noether Symmetry Approach can
explain the extreme massive stars which supposed to be unstable
in the framework of GR. However, in the limit χ = 0, one may
retrieve the solutions of the standard Einstein gravity.
As a final comment, by applying the ‘embedding class 1’ tech-
niques, we successfully developed a singularity free and stable
anisotropic generalized model, suitable for studying the ultra-dense
strange stars in the framework of f (R, T ) gravity theory.
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